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BALTIMORE PHILADELPHIA
Studies of the nutritional disorders of infancy have occupied a
conspicuous place in the literature of pediatrics during the last five
to ten years. The newer and more accurate analytical methods, and
the various metabolism beds contrived for use with young children,
have made possible accurate work along these lines. Thus far, however,
the data collected are still insufficient to establish a thorough under-
standing of the normal metabolism, and even less complete is the
information at our disposal in regard to the pathological nutritional,
states. Any series of data, therefore, which adds even isolated facts to
the sum of our knowledge, is of recognized value, and from this stand-
point the data here collected are presented.
A number of early investigators observed that the excretion of
phosphates in the urine of young infants was very low, but such
observations were made on single specimens of urine only, and are
therefore not of great value. The papers of greatest value and impor-
tance in this connection are those of Keller,1 of Moll,2 and of Koeppe.s
Keller observed that the excretion of phosphates in the urine of
young, normal breast-fed infants is very low or nil, and that it gradually
increases with the age of the child, as does the nitrogen excretion. He
noted further that a normal infant on a diet of cow's milk excretes consid¬
erably more phosphorus in the urine than does the breast-fed infant, the
increase in phosphorus excretion being greater than could be accounted
for by the greater phosphorus content of the ingested food. Careful
studies of the phosphorus content of the food, the urine and the feces
show, Keller believes, that the phosphorus of cow's milk, though equally
well, or even more completely, absorbed from the intestinal tract than
From the laboratories of The Thomas Wilson Sanitarium, Baltimore, Md.,
and the Woman's Medical College of Pennsylvania.
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1. Keller: Ztschr. f. physiol. Chem., 1900, xxix, 46; Ztschr. f. klin. Med., 1899,
xxxvi, 49; Arch. f. Kinderh., 1900, xxix, 1.
2. Moll: Jahrb. f. Kinderh., three papers, 1909, lxix, 129, 304 and 450.
3. Koeppe: Jahrb. f. Kinderh., 1911, lxxiii, 9.
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is the phosphorus of human milk, is less well retained and utilized by
the body, a larger proportion appearing in the urine. The proportion of
the total phosphorus in organic combination in human milk, 77 per
cent., as contrasted with 27 per cent, of organic phosphorus in cow's
milk, is cited as of probable importance in relation to this utilization
by the body.
The study of the amount of organic phosphorus present in the urine
leads this author to conclude that inorganic phosphorus only is related
to the kind and amount of food, but that the organic phosphorus of the
urine is not so related.
Moll's observations deal with breast-fed infants only, and lead him
to striking conclusions as to the clinical significance of the phosphorus
excretion. According to this author the normal breast-fed infant excretes
in the urine practically no organic phosphorus, and the determination of
the inorganic phosphorus by the uranium titration method is therefore
sufficient for clinical purposes. Such normal infants excrete what he
terms a "phosphorus-free" urine, that is, a urine containing no phos¬
phorus at all, or mere traces, 0.010 gm. to 0.020 gm. of P,05 (0.0043
to 0.0086 gm. P.) in twenty-four hours. A "phosphorus-rich" urine,
that is, containing more than 0.020 gm. P205 (0.0086 gm. P.) in
twenty-four hours, is excreted only under pathological conditions, and
only in such cases can organic phosphorus be detected in the urine.
This circumstance he believes to be related to excessive cell-destruction
within the body.
From his observations Moll draws the following practical conclusions :
1. When a breast-fed child is contented, gains steadily in weight,
shows no appearance of illness, and excretes no phosphorus or merely
traces in the urine, it is well.
2. When an infant loses weight, and in the urine excretes no phos¬
phorus, or mere traces, it is hungry.
3. When an infant loses weight, or fails to gain, and with apparently
insufficient nourishment excretes considerable phosphorus in the urine,
it is sick.
Careful observations of the phosphorus excretion, Moll believes, will
serve as a useful check on the dietary procedures, the continued low
excretion of phosphorus on increasing diet signifying that conditions
are satisfactory, while an increased phosphorus excretion is a sign that
digestive or nutritional disturbance is present.
Koeppe4 reports a long series of observations on two normal infants.
In one case the investigation included twelve experimental periods over
4. These were infants brought into the children's home showing some signs
of rachitis, but on proper care and diet they gained normally in weight and
gave every appearance of health.
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a stretch of five months, the child being 6 months old at the end of
the observation; in the other case there were six experimental periods,
at intervals during three and a half months, the child being 7y2 months
old at the end of the observation. Both children were bottle-fed, and
the diet was varied during the observation, including for different
periods "butter-milk soup," cow's milk diluted one-half, cow's milk
diluted to two-thirds strength, whole cow's milk, oatmeal water and
cow's milk containing an addition of 1 gm. of sodium chlorid. '
Koeppe draws the following conclusions: 1. On equal quantities
of food the amount of P200 excreted in the urine varies with the kind
of food. 2. On the same kind of food, the amount of P203 excreted
is conditioned by the amount of food.
This author points out, however, that if the P203 of the urine is
determined by the uranium titration alone, representing therefore only
the phosphate excretion in the urine, it is important that this should
be correlated with the phosphate of the food, determined also by the
uranium method, and cannot properly be correlated with the total
phosphorus of the food, as has usually been done. Following this
method, however, he also concludes that "within certain limits the
phosphate content of the urine is dependent on the phosphate content
of the food."
Takacs5 notes that in normal infants phosphorus is absent from
the urine, or present only in traces, while in infants suffering from
digestive disturbances the phosphorus excretion is increased in propor¬
tion to the severity of the disturbance. His observations cover seventy-
five cases. No reference was made to the diet in the abstract of this
paper available.
The relation of the excretion of calcium to phosphorus in both
feces and urine is of interest, and is discussed by Wolff.8 This author
quotes the observations of Bahrdt7 that the amount of calcium normally
present in infant feces was two to three times as great as would be
required to bind the fatty acids present, and that it must, therefore,
be associated in other ways for excretion.
That such calcium is excreted in the form of phosphate is a legit¬
imate suggestion. Wolff's experiments, as shown in his first table,
indicate, however, that while the phosphorus of the feces is increased
with the calcium of the feces on an abundant diet, no change in the
phosphorus excretion of the urine occurs under these conditions.
There does not appear to be a diversion of phosphorus from urine to
feces in connection with a high calcium content of the feces.
5. Takacs: Phosphor im Sauglings Urin. Budapesti orvosi usseig, 1911, xliv.
6. Wolff: Jahrb. f. Kinderh., 1912, lxxvi, 180.
7. Bahrdt: Jahrb. f. Kinderh., 1910, lxxi, 249.
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Wolff concludes that the phosphorus of the urine is derived from
proteins, the source of the urinary nitrogen, and therefore parallels
the nitrogen excretion. It is thus of different source and significance
from the fecal phosphorus, which is derived from food phosphate from
the bones, and from intestinal secretions.
Monier8 reports on the P205 excretion in a series of cases of cholera
infantuin. No statement of the amount or kind of food in these cases,
nor of the severity of the clinical symptoms, is included in his table.
The figures for the P205 excretion, however, are so variable as to suggest
little relation to the clinical picture.
TABLE 1.—Möeneb's Table—Cholera Infantum8
Age of Infant, Body Weight, P„0, in 24 Hrs.,
Months Grams Grams
21/2. . 0.02
3% . 0.34
4 4,700 . 0.03
4 3,350 0.29
3
. 2,500 0.16
iy2 5,200 0.05
7y2 5,200 0.12
Zy2 3,650 0.62
NORMAL INFANT
4. 6,900 0.34
4% 4,800 0.26
The series of observations here reported from The Thomas Wilson
Sanitarium for Children is of interest in that it adds considerably to
the published data on this subject. It was our object in making this
study to determine if possible whether Moll's observations in regard to
the clinical significance of the phosphorus excretion in the urine of
breast-fed infants would hold good for artificially fed children. Inas¬
much as most of the children suffering from digestive and nutritional
disorders are the "bottle babies," it seemed worth while to confirm
and if possible broaden, the application of Moll's observation.
In no case was as extensive a series of observations on a single
infant made as in Koeppe's study but, on the other hand, our figures
include a number of differing clinical conditions.
Preliminary experiments with collections of feces as well as urine
at once made clear the fact that with our children, suffering from more
or less severe intestinal disturbances, the varying admixture of blood,
mucus and pus with the fecal material would make the study of the
stools from the point of view of the phosphorus excretion of compar¬
atively little value. We therefore confined ourselves to the study of the
8. The reference is from Keller's paper in Ztschr. f. klin. Med., 1899, xxxvi(see Note 1). M\l=o"\rner'stable was compiled by Keller from M\l=o"\rner'sNagra
unders\l=o"\keringaraf urin och af blod fran fall af cholera infantum. Beilage zu
Sven van Hofsten Cholera Infantum. Stockholm, 1887.
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nitrogen and phosphorus excretion in the urine, in correlation with the
nitrogen and phosphorus of the diet.
For phosphorus determinations the uranium titration method was
used throughout for the urinalyses, the Neubauer method for the food
mixtures. The Kjeldahl-Gunning method was used for the nitrogen
determinations. With very few exceptions two check analyses were
made in every instance.
The appended table, in which the cases are arranged in order of
decreasing urinary phosphorus excretion, suggests the bearing of the
diet on the phosphorus excretion. In the cases in which the phosphorus
and nitrogen of the urine are not parallel an unusual dietetic reason
is appaient.
Our experience with many of our cases has impressed on us the
value of at least one twenty-four-hour metabolism bed observation on
every child admitted to the hospital. Only in this way can an accurate
knowledge of the kidney function be obtained. With the continual
passage of diarrheal stools any estimation of the amount of urine is
impossible. We are confident that in a number of instances a toxic
condition was properly related only by the metabolism bed procedure
to kidney insufficiency, rather than to the intestinal condition. Such a
routine practice, in a large babies' hospital, demands a large staff of
competent nursemaids, but the accurate diagnoses thus obtained warrant
the care involved.
Nearly all the patients studied were suffering from some form of
gastro-intestinal or nutritional disturbance, some of them of severe
grade. An examination of the table will indicate that our figures do
not justify any deduction as to the degree of derangement from the
amount of phosphorus in the urine.
In order to show clearly the clinical condition with reference to
the urinary phosphorus, the histories of the patients in the order in
which they appear in the table are briefly summarized.
Case 1.—E. L., (105). Admitted July 8, aged 6 months. Weight, 3.5 kilos.
The patient had never thrived. He had been fed on various milk mixtures. There
were rachitic bone changes. Vomiting was frequent. The stools were not numer¬
ous and were fecal in character. He had several attacks of bronchitis. On a
whey-whole-milk mixture there was at first some improvement. His diet July
15 contained 1.58 gm. of nitrogen and 0.44 gm. of phosphorus and there was
excreted in the urine July 15, 0.99 gm. nitrogen and 0.139 gm. phosphorus and on
July 16, 1.45 gm. nitrogen and 0.22 gm. phosphorus. For six days after this
period the child's condition remained unchanged. Then a sudden collapse occur¬
red which ended fatally. Diagnosis : Malnutrition ( decomposition ).
Case 2.—W. A. (4 and 231). Admitted August 5, aged 5 months. Weight
4.3 kilos. The patient was breast fed for six weeks, after which time he was
weaned to cow's milk and later to condensed milk. He had always been sickly
and had vomited frequently. The stools were green and contained mucus. He
was first admitted June 11 and remained a month. In this time all acute symp-
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TABLE 2.—Data—
Name and
Number Date
Age
in
Months
Weight
in
Kilos
C.C.
Liquid in
Food of
24 Hours
Total C.C.
Volume of
Urine in
24 Hours
1—Lucas
2—Allenwalt
3—Castor
4—Pell
5—Elm
1—Lucas
6—Gaines
4—Pell
7—Rottenberg
3—Castor
8—Watkins
5—Elm
9—Y'oekel
_
10—Harris
....
11—Rice
.
11—Rice.
12—Horton
...
2—Allenwalt
5—Elm
(105)
(231)
(241)
(272)(212)
(105)
(145)
(272)(277)(241)(214)
(212)
13—Saperstein
14—Gessner
15—Berstman
16—Scott
15—Berstman
8—Watkins
4—Pell
14—Gessner
17—Kelchner
17—Kelchner
18—Smith
18—Smith
3—Castor
3—Castor
16—Scott
19—Edwards
(231)
(212)
(229)(230)(242)
( 76)
(242)
(214)
(272)(230)(220)(220)(244)
(244)
(241)
(241)
( 76)
(203)
July 16
August 10
August 21
August 20
August 14
July 15
July 30
August 19
August 21
August 20
August 13
August 2
July 26
August 7
August 7
August 6
August 11
August 9
'August 1
August 8
August 7
August 13
July 22
August 12
August 14
August 22
August 8
August 5
August 4
August 12
August 13
August 14
August 13
July 23
August 6
6.5
4
4
5.5
5.5
1.5
5
6.5
8
2
12
10.5
12
4
4
10.5
1.5
3.5
4.3
3.2
5.6
5.5
3.5
5.0
6.0
3.9
3.2
3.5
5.6
2.9
4.9
4.9
2.6
4.3
5.6
6.6
4.8
7.6
5.3
7.6
3.5
5.4
4.8
3.4
3.4
4.3
4.3
3.1
3.1
5.3
1.2
780
378
791
1,533
960
756
539
626
784
588
1,080
730
672
672
539
780
644
569
426
890
896
616
511
504
405.0
505.0
676
672
616
660
260
475
204
390
900
160
710
305
295
378
415
161
465
300
475
390
420
330f
116
80
140
600
515
82
455
380
180
235
240
352
515
378
352
465
300
Some lost, i Twelve hours. * Estimated.
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—Concerning Authors' Cases
Nitrogen,
Grams in
Food of
24 Hours
Phos¬
phorus,
Grams in
Food of
24 Hours
Diet on Day of
Observation
Clinical
Diagnosis
1.58
1.78
1.52
1.94
3.11
1.58
2.47
1.85
1.35
1.54
1.98
0.54
2.10
2.519*
1.90
1.90
0.81
1.78
0.054
1.40
0.56
0.30
1.68*
2.14
1.98
2.02
0.66
1.97
2.04
1.78
1.87
1.65
1.65
1.68
0.44
0.21
0.08
0.06
0.69
0.44
0.30
0.024
0.02
0.023
0.24
0.22
0.25
0.24*
0.23
0.23
0.25
0.21
0.22
0.018
0.16
0.013
0.23
0.09
0.244
0.04
0.19
0.20
0.20
0.07
0.096
0.25
0.25
0.23
Whey, whole-milk mixture.
Whole-milk, rice-water mix¬
ture.
Coagulated egg-albumin.
Raw egg albumin.
Whey, skimmed-milk mix¬
ture.
Whey, whole-milk mixture.
Whole-milk, rice-water mix¬
ture.
Raw egg albumin.
Raw egg albumin.
Raw egg albumin.
Whole-milk, rice-water mix¬
ture.
Whey.
Whole-milk, rice-water mix¬
ture.
Eiweissmilch, maltose mix¬
ture.
Skimmed-milk, barley
-
water
mixture.
Skimmed-milk, barley
-
water
mixture.
Whole-milk, whey mixture.
Whole-milk, rice-water mix¬
ture.
Whey.
Raw egg albumin.
Whole-milk, whey mixture.
Skimmed-milk, egg-albumin,
water mixture.
Skimmed
-
milk, rice
-
water
mixture.
Skimmed-milk, egg-albumin,
water mixture.
Whole-milk, rice-water mix¬
ture.
Coagulated egg-albumin.
Whole-milk, whey mixture.
Eiweissmilch.
Eiweissmilch.
Egg-albumin, mother's-milk,
rice-water mixture.
Egg-albumin, mother's-milk,
rice-water mixture.
Skimmed
-
milk, rice
-
water
mixture.
Skimmed
-
milk, rice
-
water
mixture.
Skimmed
-
milk, rice
-
water
mixture.
Whole-milk, whey, mother's-
milk mixture.
Malnutrition ( decomposition ),
fatal.
Indigestion, gastro-intestinal.
Indigestion, gastro-intestinal,
marasmus.
Indigestion, gastro-intestinal.
Indigestion, gastro-intestinal,
nephritis, acute.
Malnutrition (decomposition),
fatal.
Indigestion, gastro-intestinal,
convalescent.
Indigestion, gastrointestinal.
Indigestion, gastro-intestinal.
Indigestion, gastro-intestinal.
Indigestion, gastro-intestinal,
Indigestion, gastro-intestinal,
nephritis, acute.
Indigestion, gastro-intestinal.
Malnutrition, indigestion, gas¬
tro-intestinal.
Congenital syphilis, dyspeptic,
diarrhea.
Congenital syphilis, dyspeptic,
diarrhea.
Malnutrition ( i n d i g e s tion,
gastric ).
Indigestion, gastro-intestinal.
Indigestion, gastro-intestinal,
nephritis, acute.
Ilioeolitis, ulcerative.
Indigestion, gastro-intestinal.
Dyspeptic, diarrhea.
Gastro-intestinal intoxication ;
fatal.
Dyspeptic, diarrhea.
Indigestion, gastrointestinal.
Indigestion, gastro-intestinal.
Indigestion, gastro-intestinal.
Indigestion, gastro-intestinal.
Indigestion, gastro-intestinal.
Spasmophilia, i n d i g e s tion,gastro-intestinal.
Spasmophilia, i n d i g e s tion,
gastro-intestinal.
Indigestion, gastro-intestinal,
malnutrition; fatal.
Indigestion, gastro-intestinal,
malnutrition; fatal.
Gastro-intestinal intoxication ;
fatal.
Inanition.
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toms subsided. The stools became fecal and he was discharged well. Some time
after his return home diarrhea returned and he was readmitted August 5.
August 9 and 10 his diet of whole milk and rice water contained 1.78 gm.
nitrogen and 0.21 gm. of phosphorus each day, and his urine on August 10, 1.23
gm. nitrogen and 0.20 gm. of phosphorus. The child improved again rapidly and
was shortly afterward discharged well. Diagnosis : Gastro-intestinal indigestion.
Note: The patient excreted about as much phosphorus in the urine as did
the patient in Case 1, and yet the degree of nutritional disturbance was much
less.
Case 3.—M. C. (241). Admitted August 8, aged 4 months. Weight, 3.2
kilos. The patient had never thrived. He had been fed on a weak dilution of
cow's milk at frequent intervals. A week before admission, vomiting and diar¬
rhea had begun. The stools being fluid, green and containing mucus. On admis¬
sion the child was thin and fretful with cool extremities and a subnormal tem¬
perature. August 13 and 14, on a diet of skimmed milk and rice water having
a nitrogen content of 1.65 gm. and a phosphorus content of 0.25 gm. each day,
there was excreted on the 13th, 0.67 gm. nitrogen, and on the 14th, 0.68 gm.
nitrogen, and each day 0.06 gm. phosphorus.
A week later, August '20 and 21, on a diet of raw egg albumen and cooked
egg albumen, respectively, the first having a nitrogen content of 1.54 gm. and a
phosphorus content of 0.023 gm. and the second a nitrogen content of 1.57 gm.
and 0.08 gm. phosphorus, there was passed 1.21 gm. of urinary nitrogen and 0.128
gm. urinary phosphorus August 20, and 1.57 gm. nitrogen and 0.19 gm. phos¬phorus in the urine August 21.
The child became progressively worse and died shortly after. Diagnosis:
Gastro-intestinal indigestion; marasmus (decomposition).
Case 4.—A. P. (272). Admitted August 17, aged 5 months. Weight, 5.6
kilos. The patient was fairly well nourished but a pale infant. He had been
well for six weeks and breast fed. After this he had been given cow's milk and
barley in too large amounts and had had frequent attacks of vomiting and fever
followed by moderate diarrhea. For the purpose of observing the digestibility
of raw versus cooked egg albumen, the child was given this diet for several days.
For the remainder of the time he improved on a whole milk and barley-water
mixture. August 19 and 20 on a diet of raw egg albumen the nitrogen of the'
food ingested amounted to 1.86 gm. and 1.94 gm. and the phosphorus to 0.024
gm. and 0.06 gm. The urinary nitrogen for the same periods was 1.94 gm. and
2.51 gm. and the urinary phosphorus 0.13 gm. and 0.16 gm., respectively.
August 22 on a diet of equal quantities of coagulated egg albumen having a
nitrogen content of 2.02 gm. and a phosphorus content of 0.04 gm. there was
excreted in the urine 1.42 gm. nitrogen and 0.072 gm. phosphorus.
The stools during both periods were two a day and fecal in character. No
alteration in the condition of the patient was noticed during the first and sec¬
ond periods, although the urinary phosphorus varied greatly. Diagnosis: Indi¬
gestion, gastro-intestinal.
Note: This child excreted comparatively large amounts of phosphorus with
small phosphorus intake in food and was in fair condition.
Case 5.—T. E. (12 and 212). Admitted July 30, aged 6 months. Weight
5.5 kilos. The patient was breast fed for three weeks, then given condensed
milk for a month. After this, diluted cow's milk. He was usually constipated
and had several attacks of vomiting and diarrhea, for one of which he was
admitted to the sanitarium in June. His acute symptoms subsided and he was
discharged well after a month's stay. He was badly cared for at home and was
readmitted July 30 in partial collapse. At this time the urine was scanty and
contained albumen and numerous hyaline and granular casts.
August 1 on a diet of whey having a nitrogen content of 0.54 gm. and a
phosphorus content of 0.22 gm. he eliminated by urine 0.66 gm. of nitrogen and
0.09 gm. of phosphorus, arid August 2 on the same diet the urine contained 0.78
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gm. nitrogen and 0.124 gm. phosphorus. The stools at this time were fluid and
fecal. The patient's condition improved under treatment (salt solution by rec¬
tum, hot packs and stimulation) and on August 14, on a diet of skimmed milk
and whey, having a nitrogen content of 3.11 gm. and a phosphorus content of
0.69 gm. he eliminated by urine 2.04 gm. nitrogen and 0.156 gm. phosphorus and
the amount of urine increased from 161 c.c. August 2 to 900 c.c. August 12.
The albumen and casts disappeared. A fortnight afterwards he was discharged
in good condition. Diagnosis : Indigestion, gastro-intestinal. Nephritis acute.
Note: The increased phosphorus excretion in the later period of improvement
is accounted for by the greater quantity of urine.
Case 6.—A. G. (145). Admitted July 15, aged 7 months. Weight 5 kilos.
The patient was sparely nourished but not acutely ill. He had been fed on
diluted cow's milk at too frequent intervals. One week before he was said to
have been fretful and feverish. This was followed by vomiting and a number
of fluid green mucous stools. The symptoms had largely subsided on admission.
When put on the metabolism bed the child was bright and without fever and
the stools apparently normal.
July 30, while taking a diet of whole milk and rice-water, containing 2.47 gm.
nitrogen and 0.30 gm. phosphorus, there was excreted in the urine 1.39 gm.
nitrogen and 0.138 gm. phosphorus. Diagnosis: Indigestion, gastrointestinal(convalescent).
Case 7.—G. R. (277). Admitted August 19, aged 5 months. Weight 5 kilos.
The child was plump at birth and breast fed for one month. After which he was
given cow's milk and water. He has had repeated attacks of indigestion with
vomiting and diarrhea and has lost much in weight. The stools are described as
green and mucous. The patient was emaciated on admission, but seemed bright
and hungry. He was given raw egg albumin for two days. This diet contained
in twenty-four hours, 1.35 gm. of nitrogen and 0.02 gm. phosphorus. During this
period the urinary nitrogen was 0.45 gm. and the phosphorus 0.13 gm. The child
did well on a cow's milk mixture and gained in weight. Diagnosis: Indigestion,
gastro-intestinal.
Case 8.—J. W. (58 and 214). Admitted July 21, aged 8 months. Weight,
3.5 kilos. The patient had been breast fed only two weeks and then had been
fed condensed milk and later cow's milk at frequent intervals. He had had
much vomiting and occasional diarrhea. He was first admitted July 2 because
of vomiting. This ceased promptly after the diet was regulated and the feeding
intervals increased. He was discharged in twelve days apparently well.
A fortnight after his return home diarrhea and fever began again. The stools
were green and mucous and flecked with blood. He was readmitted, having lost
a pound in weight. The stools became fecal shortly after a water diet of two
days followed by Eiweissmilch. A whole-milk-rice-water formula was substituted
August 11. August 13 and 14 this mixture contained in twenty-four hours, 1.98
gm. nitrogen and 0.24 gm. phosphorus. August 13 there was eliminated in the
urine, 1.50 gm. nitrogen and 0.126 gm. phosphorus, and on August 14, 0.89 gm.
nitrogen and 0.078 gm. phosphorus. Diagnosis: Indigestion, gastro-intestinal.
Note: The unreliability of relying on a single sample of urine to determine
the phosphorus content is shown in this case. August 10, 100 c.c of urine con¬
tained 0.05 gm. phosphorus, and Aug. 11, 10 c.c. of urine contained 0.175 gm.
phosphorus, with no apparent change in the patient's condition.
Case 9.—J. Y. (116). Admitted July 23, aged 4 months. Weight 4 kilos.
The child had never thrived. He had had frequent attacks of vomiting and
diarrhea with watery movements but no fever. He had been fed on cow's milk
at frequent and irregular intervals. His weight then only equaled his birth
weight. July 26, on a diet of whole milk and rice-water having a nitrogen con¬
tent of 2.10 gm. and a phosphorus content of 0.25 gm., the patient excreted in
the urine, 1.05 gm. nitrogen and 0.117 gm. phosphorus. During this day the
temperature was subnormal.
Diagnosis: Indigestion, gastro-intestinal.
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Case 10.—H. H. (237). Admitted August 6, aged 5 months. Weight, 2.9
kilos. The patient had never thrived. Many proprietary foods had been tried.
Stools were eight to twelve in twenty-four hours, fluid, mucous with curds. His
appearance was typically marantic, extremities cold, abdomen doughy, intestinal
coils visible. August 7, on a diet of Eiweissmilch and maltose, and mother's
milk containing 2.5 gm. nitrogen and 0.24 gm. phosporus in twenty-four hours,
there was excreted in the urine, 0.50 gm. nitrogen and 0.117 gm. phosphorus.
Diagnosis: Malnutrition, severe grade. Indigestion, gastrointestinal.
Case 11.—J. R. (109). Admitted July 9, aged 5 months. Weight 4.9 kilos.
The child had lesions of syphilis and a Wassermann reaction was markedly posi¬
tive. Two weeks before admission the patient had had a gastro-intestinal dis¬
turbance accompanied by vomiting, diarrhea and fever. The stools were mucous
and occasionally blood flecked. The temperature was elevated for a week after
admission. Then the acute symptoms ceased, but there was much loss of weight
on various milk mixtures, with lumpy stools containing mucus.
August 6 and 7, on a diet of skimmed milk and barley-water containing in
twenty-four hours 1.90 gm. nitrogen and 0.23 gm. phosphorus, there was excreted
in the urine 0.73 gm. nitrogen and 0.091 gm. phosphorus the first day, and 0.75
gm. nitrogen and 0.10 gm. phosphorus the second day.
Diagnosis : Acute dyspeptic diarrhea. Congenital syphilis.
Case 12.—L. H. (239). Admitted August 7, aged 6 weeks. Weight, 1.6
kilos. The baby had never nursed; was given condensed milk for three weeks
and then large quantities of cow's milk at frequent intervals. Vomited often;
stools contained lumps; no diarrhea, steady loss of weight.
On admission the patient was emaciated, the extremities cold, eczema was
present on face and scalp. The baby improved on a whole-milk-whey mixture.
This diet on August 11 contained 0.81 gm. nitrogen and 0.25 gm. phosphorus,
during which time the urine contained 0.48 gm. nitrogen and 0.59 gm. phos¬
phorus. Diagnosis: Malnutrition (indigestion, gastric).
Case 13.—D. S. (229). Admitted August 5, aged 8 months. Weight, 6.6
kilos. He had been quite well until the present illness. He was exclusively
breast fed at somewhat irregular intervals. Three days before admission diar¬
rhea had begun with mucous green stools, twelve to fifteen a day, some becom¬
ing blood-stained. There had been considerable fever but little vomiting. He
was nursed until admitted to the sanitarium. The stools continued blood-stained
and often purulent for a week and varied from six to sixteen in twenty-four
hours. After this period they quickly became fecal in character.
August 8 on a diet of raw egg albumen and water containing 1.40 gm. nitro¬
gen and 0.018 gm. phosphorus a day, the patient excreted in the urine, 0.71 gm.
nitrogen and 0.087 gm. phosphorus. During this day of observation there were
sixteen mucopurulent stools. The urine during the illness contained consider¬
able albumen and a moderate number of hyaline and granular casts. Diagnosis:
Ileocolitis, ulcerative.
Note: This case, one of moderately severe ulcerative ileocolitis, had a com¬
paratively low urinary phosphorus content.
Case 14.—M. G. (230). Admitted August 5, aged 9 weeks. Weight, 4.8
kilos. The patient had been fed on condensed milk for five weeks and then a
cow's milk mixture. The illness began two weeks before admission with fever,
vomiting and moderate diarrhea, the stools being four to six a day, green and
mucous, never blood-stained.
On admission the patient was feeble, with poor circulation. She did well on
a gradually increasing whey-whole-milk diet. August 7 the nitrogen of the food
was 0.56 gm. and the phosphorus 0.16 gm. During this day the urinary nitrogen
was 0.47 gm. and the urinary phosphorus 0.08 gm. August 8 on the same diet
the nitrogen of the food taken was 0.66 gm. and the phosphorus 0.19 gm., and
there was excreted in the urine, 0.37 gm. nitrogen and 0.07 gm. phosphorus.
Diagnosis : Indigestion, gastro-intestinal ( convalescent ).
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Case 15.—G. B. (242). Admitted August 8, aged 1 year. Weight, 7.6 kilos.
Previous diet had been largely condensed milk. One week before admission the
patient became dull and listless. Fever, nausea, vomiting and diarrhea followed,
the stools being fluid, green and mucous, not blood-stained. The urine contained
a trace of albumen and a few hyaline and granular casts.
August 12 and 13 on a diet of skimmed milk and egg albumin and water con¬
taining 2.14 gm. nitrogen and 0.09 gm. phosphorus, and 0.30 gm. nitrogen and
0.013 gm. phosphorus, respectively, there was excreted during the same periods
in the urine, 1.09 gm. and 1.18 gm. nitrogen and 0.078 gm. phosphorus each day.
Diagnosis: Dyspeptic diarrhea.
Case 16.—A. S. ( 76 ). Admitted July 5, aged 10 months. Weight, 5.3 kilos.
The patient had had some indigestion all summer. He had been fed on cow's milk,
The present illness began two weeks before with fever, vomiting and diarrhea.
The child became worse and he was admitted in a dull, drowsy condition, with
fever and mucous, semi-fluid stools, which shortly afterwards became blood-
tinged. For a time there was improvement and the stools improved.
July 22 and 23, on a diet of diluted skimmed milk and rice-water, having
for each day 1.68 gm. nitrogen and 0.23 gm. phosphorus, the urine contained
on the first day, 1.12 gm. nitrogen and 0.068 gm. phosphorus and on the second
day 1.06 gm. nitrogen and 0.06 gm. phosphorus. Shortly after this period when
the patient was apparently doing well on a skimmed-milk-rice-water mixture,
he rapidly sank and died. Diagnosis: Gastrointestinal intoxication.
Note: In this case the phosphorus output differed markedly on two succes¬
sive days and with no change in diet. The urinary phosphorus gave no sugges¬
tion of the hazardous condition of the patient.
Case 17.—H. K. (220). Admitted August 1, aged 3 months. Weight, 3.4
kilos. The child had never been well. He had been fed on condensed milk at
frequent intervals. A week before admission he had a gastro-intestinal attack
with vomiting, fever and diarrhea. The stools were ten to twelve a day, fluid
and mucous. The patient was pale and sparely nourished, tongue coated and
slightly drowsy.
For twenty-four hours after admission sterile water alone was given; then
diluted Eiweissmilch. On this diet August 4, which in twenty-four hours had
a nitrogen content of 2.04 gm. and on August 5, 1.97 gm. and 0.20 gm. phos¬phorus each day, the patient excreted in the urine 0.38 gm. and 0.43 gm. nitro¬
gen on August 4 and 5, respectively, and 0.06 gm. phosphorus each day.
Diagnosis: Indigestion, gastro-intestinal.
Case 18.—C. S. (244). Admitted August 9, aged 8 months. Weight, 9
pounds, 14 ounces. Previous diet condensed milk for six months, then one-third
cow's milk and two-thirds rice-water, about 6 ounces at frequent intervals.
Several attacks of diarrhea occurred with eight to ten dark green stools a day,
vomiting and fever, during the past six weeks. On admission the child was
in a markedly spastic condition; extremities and spinal column rigid, temper¬
ature normal. A milk mixture was tried but vomited. August 12 and 13, on
a diet of egg albumin, mother's milk and rice-water, the diet containing 1.78
gm. and 1.87 gm. nitrogen and 0.07 gm. and 0.096 gm. phosphorus, respectively,
the patient excreted 0.92 gm. and 0.68 gm. nitrogen, respectively, and 0.06 gm.
phosphorus in the urine each day. The stools at this time were six in twenty-
four hours, small, semifluid, fecal with green mucus. The spastic condition
continued. Temperature 99 F.
Diagnosis : Spasmophilia, indigestion, gastro-intestinal.
Case 19.—J. E. Admitted July 29, aged 6 weeks, Weight, 1.2 kilos. A
foundling said to have been fed on nothing but tea for three weeks before admis¬
sion ; temperature 95 F. : much emaciated. On a diet of skimmed milk and whey
with some mother's milk the child improved. August 6, the weight increased
to 1.6 kilos with three stools in twenty-four hours, light yellow, fecal. At this
time the diet was whole milk y2 ounce, whey iy2 ounce, 16 per cent, cream, 1
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dram; mother's milk y¡ ounce at three-hour intervals. The 300 c.c urine in
twenty-four hours contained 0.52 gm. nitrogen and 0.03 gm. phosphorus.
Diagnosis : Inanition.
TABLE 3.—Summary of Conical Diagnoses
Case Nos. Number
Dyspeptic diarrhea. 11-15 2
Gastro-intestinal intoxication,
acute. 16 1
Ileocolitis ulcerative. 13 1
Inanition 19 1
Indigestion, gastro-intestinal. . 2-4-6-7-8-9-10-14-17 9
Indigestion, gastro
-
intestinal,
with nephritis. 5 1
Malnutrition, severe grade,
with indigestion, gastro-in¬
testinal. 1-3-12 3
Spasmophilia ( spastic con¬
dition with indigestion, in¬
testinal). 18 1
Total 19
Fatal cases. 1-3-16 3
A consideration of the cases briefly outlined fails to suggest that in
artificially fed infants the urinary phosphorus is a reliable indication
of the severity of the derangement.
The phosphorus content in the urine varied markedly in the same
clinical condition and in the same patient in succeeding days on a
diet having about the same phosphorus content.
Kominie and Mayerhofer9 have recently studied the phosphorus
excretion in a long series of artificially fed infants. They found that
the urine of these babies always contained more phosphorus than that
of breast-fed children. They are of the opinion that the phosphaturia
increases in intestinal disturbances and parenteral affections. They
based their assertions on the observations of a small number of sick
children (other cases cited being well artificially fed infants), and
after examining only small portions (10 c.c.) of urine. In the cases
cited, infants previously well and having a low phosphorus content in
the urine became ill (in three instances from digestive disturbance, in
one from pneumonia) and an increase in the urinary phosphorus was
noted.
The infants in our series had been ill for some time before the
urinary phosphorus was determined.
CONCLUSIONS
Our work confirms the earlier observations that the urinary phos¬
phorus excreted in twenty-four hours by an artificially fed infant is
greater than that recorded for the breast-fed child.
9. Kominie and Mayerhofer: Ztschr. f. Kinderh., 1913, viii, 24.
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The data obtained, however, do not, in our opinion, justify the
conclusion that any deduction as to the nature or severity of the nutri¬
tional derangement can be drawn merely from the amount of urinary
phosphorus.
The estimation of the daily phosphorus excretion from small, single
urine samples is unreliable, as the results thus are often at variance
with those determined by examination of the twenty-four-hour urine.
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